Foreign exchange exposure refers to the sensitivity of a firm's cash flows to changes in exchange rates. This study develops a model of foreign exchange exposure dependent on only three variables, the percentage of the firm's revenues and expenses denominated in foreign currency and its profit rate. Exposure is estimated for a sample of 103 U.S. firms that participated in the 1998 Wharton/CIBC Survey of Risk Management by U.S. Non-Financial Firms. The study finds that foreign exchange exposure is quite low for a majority of firms in the sample because these firms have been able to match their foreign currency revenues and costs leaving them with little net exposure. Such operational hedges may help to explain why previous studies have found low or negligible levels of exposure when they studied the sensitivity of share prices to foreign exchange rates.
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The foreign exchange rate exposure of a firm is a measure of the sensitivity of its cash flows to changes in exchange rates. Since cash flows are difficult to measure, most researchers have examined exposure by studying how the firm's market value, the present value of its expected cash flows, responds to changes in exchange rates.
Empirical studies of the foreign exchange rate exposure of U.S. firms (for example, Jorion (1990) , Bodnar and Gentry (1993) , Amihud (1994) , Choi and Prasard (1995) , Griffin and Stulz (1997) , and Allayannis (1997) ), typically find low or negligible levels of exposure for most firms, even when the firms examined have significant foreign operations. This has been considered somewhat of a puzzle. None of these studies are based explicitly on a model of firm behavior, however, so it is difficult to interpret their findings of low exposure in terms of economic behavior. 1 This paper develops a simple model of exposure that, when calibrated, provides estimates of exposure consistent with the previous findings of low exposure. The model is that of a monopoly firm whose revenues and expenses are exposed to changes in exchange rates. It demonstrates that exposures are related to net foreign currency revenues and profit margins, and that firms that develop operational hedges can shield themselves from the large scale effects of exchange rate changes. This paper calibrates the exposure of a group of U.S. firms that participated in the Wharton/CIBC 1998 Survey of Risk Management by U.S. Non-Financial Firms (Bodnar et al., 1998) . Instead of using 1 Bodnar, Dumas, and Marston (1999) provide an explicit theoretical model and they find relatively high levels of exposure. But their model is estimated for a group of Japanese firms that have been chosen because they are likely to have high levels of exposure, since their purpose is to investigate the link between pass-through and exposure behavior in firms that have high levels of exposure. Other theoretical studies of exposure include Adler and Dumas (1984) , Hekman (1985) , Shapiro (1975) , Flood and Lessard (1986) , von Ungern-Sternberg and von Weizsacker (1990) , Levi (1994) and Marston (2001) . None of these studies have attempted to provide empirical estimates of their models. a firm's share price behavior to measure exposure, the study uses measures of the firms' foreign currency revenues and costs from the Survey to develop direct estimates of their foreign exchange exposure. The estimates make use of an explicit model of exposure based on the profit-maximizing behavior of the firm.
Model Basics
To develop a measure of foreign exchange exposure, we need to start with an operational definition of a firm's value. The value of a firm can be expressed in terms of a stream of present and future cash flows as
where CF t represents the expected cash flows of the firm, which are equal to after-tax profits less net investment, and where ρ is the discount rate. In order to keep the model tractable so that the effects of market structure can be examined, we assume that the net investment of the firm is equal to zero and that cash flows are expected to be constant from year to year. In that case, the present value can be written π ρ τ ρ
where τ is the tax rate and π is profit before taxes. The basic measure of foreign exchange exposure is dV/dS, where S is the exchange rate expressed as home currency/foreign currency. This measures the nominal value (in home currency) that is exposed to the exchange rate. With taxes and the discount rate constant, foreign exchange exposure becomes:
So foreign exchange exposure is proportional to the derivative of current profits with respect to the exchange rate. It is this latter derivative, dπ/dS, that will be measured explicitly below.
IA. Exchange rate exposure from a simple model
To investigate foreign exchange exposure across a variety of firms, we must adopt a model of the firm that is versatile enough to take into account different forms of exposure. Exchange rates may affect a firm through a variety of channels:
(i) a firm may produce at home for export sales as well as domestic sales,
(ii) a firm may produce with imported as well as domestic components, (iii) a firm may produce the same product or a different product at plants abroad.
The model of the firm must be broad enough to capture all of these channels.
The firm described below is a multinational firm (producing and selling at home and abroad) that uses both foreign and domestic components. Define the following variables:
X, X* = sales of the domestic good at home and abroad, respectively.
Z, Z* = sales of the foreign-produced good at home and abroad, respectively. This good is produced by the domestic firm in a foreign plant. S = exchange rate (i.e., the dollar price of the Euro)
C, C* = cost functions, denominated in dollars and Euros, respectively, representing the cost of producing the domestic goods (X + X*).
K, K* = cost functions, denominated in dollars and Euros, respectively, representing the cost of producing the foreign goods (Z + Z*).
The profit of the firm consists of net revenue earned on selling both domestic products and foreign products:
Because the firm is producing two products for two different markets, there are four firstorder conditions for this firm to be a profit maximizer.
In these expressions, the derivative of each function with respect to output is denoted by a subscript 0.
The exchange rate exposure of the firm is obtained by differentiating the profit with respect to the exchange rate:
According to this expression, there are two ways in which profits adjust to changes in the exchange rate. First, there can be output changes in response to the change in the exchange rate (these are the dX/dS (dX*/dS) and dZ/dS (dZ*/dS) terms on the top line of (6)). Second, profits adjust in proportion to the initial level of net revenue denominated in foreign currency (this is the effect on the second line of (6)).
However, this expression can be simplified by recognizing that from the first order condition given in (5), the response of profits to changes in output is equal to zero at the current equilibrium. This implies that if output is chosen optimally by the firm, only the direct effect of the exchange rate on profits remains.
2 So the expression for exposure simplifies to:
Exposure (derivative version):
The exchange rate exposure of the firm is equal to the initial level of net revenue denominated in foreign currency.
The empirical literature on exposure has typically measured the exposure elasticity (i.e., the percentage change in profits per percentage change in the exchange rate) rather than the nominal value exposure. The exposure elasticity, which we define as delta, is given by:
This expression can be simplified if we define several new variables: We can then rewrite the expression for delta in terms of h 1 , h 2 , and r:
Exposure (delta version):
Delta is therefore a function of only three variables, h 1 , h 2 , and r.
1.B. Exposures across types of firms
Despite its simplicity, the expression for delta is general enough to encompass a variety of different firms. Consider the following examples of three different types of firms:
(1) U.S. exporter: This firm is assumed to produce all of its output at home and to sell a fraction, h 1 , abroad. All of the components needed for production, moreover, are produced at home (so h 2 = 0). So its exchange rate exposure is given by
For example, if this firm sells one-half of its product abroad (h 1 = 0.5) and if its profit rate is 10 % (r = 0.1), then delta is δ= h 1 /r = 5.0.
A delta of 5.0 means that the firm's profits vary five times as much in percentage terms as the exchange rate. So a 10 percent depreciation of the domestic currency see Varian (1992, pp. 490-492). leads to a 50 percent rise in profits for the exporting firm. This is the type of firm that is explicitly modeled in Bodnar, Dumas, and Marston (1999) .
(2) U.S. multinational: This firm is assumed to both produce and sell abroad. If this firm produces enough goods abroad to service foreign markets (so that h 1 = h 2 ), then its foreign exchange delta takes a simple form:
Multinational firm
A firm that produces and sells half of its output abroad, for example, has a delta of 0.5. By producing abroad all of the products it sells in foreign markets, this firm has created a "operational hedge" for its foreign revenue exposure. Only its profits from foreign operations remain exposed.
(3) U.S. importer: This firm is assumed to sell nothing abroad (h 1 = 0), but needs to import its components. So its delta is given by δ = h 2 (1/r -1)
Pure importer
For example, if the firm imports one-half of its components (h 2 = 0.5) and if its profit rate is 10 %, then delta is δ = h 2 (1/r -1) = -4.5.
Like the pure exporter, this firm has large foreign exchange exposure, but its exposure is opposite in sign to that of the exporter. For similar foreign activity and profit percentages, the exposure elasticity is smaller in magnitude than for the exporter because costs are not as large as revenues for a profitable firm.
These examples demonstrate that the exchange rate exposure of U.S. firms varies widely depending on the nature of their foreign activities. Exposure varies from the large positive net exposure of exporting firms to the large negative net exposure of importing firms. The multinational firm, on the other hand, has shielded itself from most of the exchange rate exposure due to its foreign sales by creating offsetting foreign currency costs through locating plants abroad. For a pure exporter, for example, exposure falls from 5.0 to 2.5 as profit rises from 10 % to 20 %.
II. Estimates of foreign exchange exposure
The natural question to ask is where U.S. firms fit in this range of possibilities. To answer that question, we need information about three sets of variables, revenues and costs denominated in foreign currency and profits. Two of these variables can be estimated (although imperfectly) based on accounting data provided in annual reports.
(a) Any U.S. firm with 10 % or more of its revenues from foreign countries must provide a "geographical segment" table in its annual report that separates foreign from U.S.
revenues. The model above calls for revenues denominated in foreign currency
which may be different from foreign revenues since U.S. firms often price some products destined for foreign markets in U.S. dollars. So the accounting data that is available provides only an imperfect estimate of h 1 .
(b) U.S. firms also report profits and total revenues, so an estimate of r can also be obtained.
(c) The third variable in the expressions for delta is h 2 , the proportion of costs that is denominated in foreign currency. There is no accounting data on foreign currencydenominated costs. Nor, as far as we know, are there other estimates of h 2 available in published sources.
So despite the fact that delta depends on only three variables, it is not possible to obtain an estimate of delta using published data.
A survey of derivative use by U.S. non-financial firms that was conducted by the Wharton School and CIBC Wood Gundy in 1998 3 does provide data on h 1 and h 2 that can be used to derive estimates of δ. This survey was completed by 399 non-financial firms based in the United States. Of these 399 firms, 176 reported using foreign exchange derivatives. We choose to study the latter set of firms since presumably they are more likely to have foreign exchange exposure. The survey included two questions that are relevant to the present analysis: The answers to these questions provide direct estimates of the h 1 and h 2 variables in the expressions above. 138 of the 176 firms using foreign exchange derivatives responded to these two questions.
We obtain estimates of r from accounting data in the annual reports of the firms involved. Some of the 138 firms have merged with other firms or have been acquired by other firms, so these firms are omitted from the sample. Of the remaining firms, we included all those firms whose annual reports are readily available on the web and who reported positive income in 1998.
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Our sample consists of 103 firms. The first firm is a pharmaceutical firm with a delta of 1.6. For this firm, 40 % of its sales are in foreign currency, while only 15 % of its costs are in foreign currency. Even with a profit rate above 15 %, it has a relatively high exposure to foreign exchange rates. (Note that if its profit rate were only 5%, its exposure would rise to 5.1, so its exposure is very sensitive to the profit rate). The second firm is an equipment manufacturer with 40 % of its costs in foreign currency, but with only 30 % of its revenue in foreign currency. With a relatively low profit rate of 2.7 %, it has a large negative delta of -3.3. But firms like these with high absolute exposure are the exception rather than the rule. Only 29 firms or 28 % of the firms in the sample have positive exposures greater than one, and only 17 firms have negative exposures (indicating that their foreign currency expenditures are relatively large).
For most of the firms in the sample, the deltas are between zero and one, so their foreign exchange exposure is limited. In most cases, this is because the firm's net revenue exposure (revenue -cost denominated in foreign currency) is close or equal to zero. As explained earlier, a firm with zero net revenue exposure has a delta equal to the fraction of foreign currency revenues to total revenues, so its delta must be between zero and one.
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Many of those firms have developed operational hedges by producing much of what they sell abroad in plants located abroad. One typical example is that of a consumer products firm that produces and sells products both at home and abroad. This firm reported that 50% of both its revenues and its costs were denominated in foreign currency. So its delta is 0.50 regardless of its rate of profit.
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How typical are such cases of multinational firms that shield themselves from most foreign currency exposure through operational hedges? Based on the sample of 103 firms in the survey, the answer seems to be that such multinational firms are the rule rather than the exception. 57 firms of the 103 firms examined in this study have deltas between zero and one. Many of the firms in the sample, in fact, have deltas between is to demonstrate that exchange rate exposure elasticities are low, specifically, below one, for a large percentage of U.S. firms. zero and 0.25. The 29 firms in this category have (a) balanced revenues and expenses in foreign currency, and (b) revenues (and expenses) in foreign currency that are 25 % or less of total revenues (expenses).
Based on these findings, it is not surprising that past empirical studies examining the response of share prices to exchange rates have found relatively little evidence of exposure. Even firms that derive more than half of their revenue from abroad may have a delta less than one if their expenses in foreign currency match their revenue.
III. Conclusion
This paper develops a simple model of foreign exchange exposure to explain why previous studies have found such low exposure in most U.S. and foreign firms. The model is that of a firm that both produces and sells at home and abroad. The expression for foreign exchange exposure that is derived is simple enough so that exposure can be estimated without using the share price data that has been used in previous empirical studies of exposure. Not all of the data required for estimating exposure is available from published sources, so we have drawn on the results of a survey of U.S. firms.
For many firms in the study, foreign exchange exposure is quite low because these firms have been able to match their foreign currency revenues and costs quite effectively. Operational hedging, by which we mean the shifting of production and sourcing abroad to match revenues in foreign currency, has succeeded in reducing exposure to modest levels. The only firms to contend with larger foreign exchange exposure are those with unbalanced revenue or cost streams. For those firms, sizable financial hedges may be necessary to moderate their exposure. 7 The model assumes that the profit rate for foreign operations is the same as for domestic operations. 
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